Abstract. Own-rooted 'Seyval Blanc' vines were evaluated over 5 years in the following training systems: bilateral cordon, bilateral cordon sylvos (sylvos), upright cordon-spur pruned, and upright cordon-cane pruned. Vines in all systems were spaced 1.8 x 2.7 m and were shoot thinned to 40 shoots and cluster thinned to one cluster per shoot. Cumulative yields over 5 years of the upright cordon systems were higher than vines in the sylvos system. Average weight of cane prunings was higher in the upright cordon vines than in all other systems. Vines trained to the sylvos system had more canopy gaps, less Botrytis bunch rot, and higher juice soluble solids than other systems in some years. The chemical constituents of the must and wine or evaluation by tasting showed little influence of training system.
Grapevine orientation in space through the training system has significant effects, particularly on light distribution through the canopy. These alterations in microclimate affect growth, yield, disease development, and fruit composition. The French-American hybrid cultivar Seyval Blanc causes particular challenges because of its tendency to overcrop resulting from production of fruiting shoots from noncount buds, and large relatively compact clusters subject to bunch rot. A number of studies have evaluated training systems for 'Seyval Blanc' with most emphasizing the need for cluster thinning and comparison of various pruning severities (Morris et al., 1984; Reynolds et al., 1985 , 1986 : Reynolds and Wardle, 1994 : Smithyman et al., 1997 . Reynolds et al. (1986) recommended levels of 4 shoots/30 cm of row and 17 clusters/500 g cane prunings to maximize yield and maintain reasonable fruit quality and vine size.
Divided canopy training systems have been shown to improve yields and fruit quality, particularly under conditions of excess vigor (Henry, 1992; Morris et al., 1984 : Reynolds et al., 1996 Reynolds and Wardle, 1994; Shaulis et al., 1966) . In several European countries, vertical cordon training has been used to divide canopies using existing trellis configurations. Kiefer et al. (1985) found vertical cordon-trained 'Riesling' vines out-yielded other systems. The upright cordon system has not been evaluated on 'Seyval Blanc' and may be advantageous if a conventional trellis system could be utilized to create a divided canopy. Since pruning severity and crop level have been shown to have large influences on 'Seyval
Blanc' performance, these were held constant in our study. The objective of this study was to determine the influence of four training sys- Grape Branch of Ohio State Univ. located adjacent to Lake Erie. Soil management was a 1 .O-m herbicide strip with mowed sod middles. During the first 2 years, vines were trained to a stake to achieve straight trunks and in the third year trained to the following systems: 1) bilateral cordon; 2) bilateral cordon sylvos (sylvos); 3) upright cordon-spur pruned; and 4) upright cordon-cane pruned (Fig. 1 ). All systems were dormant pruned annually to leave a total of 40 count buds. Around bloom, shoot number was adjusted to 40 and each shoot was cluster thinned to one cluster per shoot. In the bilateral cordon, the two cordons were fastened to the top wire (1.6 m). At pruning, three 5-bud canes plus spurs totaling 20 buds were left on each side, and after cluster thinning the shoots werepositioned. In the sylvos, seven to nine-bud canes were arched over a wire at 1.2 m and tied to a lower wire (0.8 m). Catch wires were used to vertically train the developing shoots. In July, shoots were tipped 30-40 cm above the top wire (1.6 m). Upright cordons
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were trained with two equal cordons in the shape of a "U" with shoots developing in the bottom of the "U" (0.8 m) removed, thus, creating an open space or diversion of the canopy. In the spur-pruned version, 20 buds were left on each side in two-to-three bud spurs and in the cane pruned version, three 5-bud canes were left on each side plus spurs to equal 40 buds. The upright cordon systems received no shoot positioning or summer tiptems on growth, yield, fruit composition, and wine quality of 'Seyval Blanc'.
Materials and Methods
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ping. Whole rows of nine vines of each training system were arranged as a randomized block with four replications for a total of 36 vines for each training system. The following data were annually recorded: cluster number and weight per vine, pruning time, and weight of cane prunings. At harvest, a 100-berry sample was taken from each row, weighed and pressed through a fruit strainer to collect the juice. Soluble solids were measured using a refractometer (model 10480 SIN; Abbe A 0 Scientific Instruments, Keene, N.H.). Measurements of pH were taken using a calibrated digital ionalyzer (model 701A; Orion Research, Cambridge, Mass.). TA was determined by diluting 5 mL of juice into 100 mL of double-distilled water and titrating with a standardized NaOH solution until the solution reached a pH of 8.2.
Canopy light interception was measured in 1996-98 early in the season just as growth started, mid-season and just prior to harvest on three vines in each replication. A white plastic sheet 1.8 x 2.7 m and marked on 15-cm squares was placed on the soil surface with the vine placed in the center. The sheet covered the soil area allotted to each vine. On sunny days, the number of marks in shadow were counted at about 1O:OO AM and 2:OO PM and used to calculate the percentage of light interception. A comparison of this method and the use of actual light sensors showed a very high correlation (Wunsche et al., 1995) .
Canopy density was measured annually except for 1995 using the point quadrant method using intersections every 15 cm at 1 .O m and 1.5 m above the soil surface (Smart and Robinson, 1990) . Measurements were made on five vines in each replication avoiding the end vines. Fruit distribution in the canopy was measured by placing a frame with a grid marked in 25-cm squares and counting the clusters in each square just prior to harvest. The frame was centered on the trunk and three vines per replication were measured.
Immediately after harvest, the grapes were transported to the winemaking facilities at OARDC and cooled overnight at 35 OF. The following day they were destemmed and crushed and treated with potassium metabisulfite (50 mg.L-'). Biopectinase 300L (0.4 mL,L-' of 10% solution of Biopectinase in water) was added and the must settled overnight at 35 OF. The clear must was racked off, chaptalized to 20 "Brix, supplemented with diammonium phosphate (DAP) at 1 g.L-' and inoculated with rehydrated dry wine yeast at 0.25 g.L-'. Each treatment was fermented to dryness at 60 "F in triplicates in 20-L glass containers. At dryness, the wines were racked into 12-L glass containers, treated with potassium metabisulfite (50 mg,L-') and held at 35 "F for 3 months. The free SO, content was adjusted to 30 mg.L-' and the wines bottled.
Fifteen experienced judges were asked to rate the wines for aroma, taste, and overall quality on a numerical scale from 1-9, where 1 = excellent and 9 = extremely poor. The wines (50-mL samples) were evaluated at Even with annual cluster thinning, yields of 'Seyval Blanc' were slightly influenced by training system in three out of five years (Fig.  2 ). There was a tendency for the upright cordon-cane pruned vines to have higher yields and sylvos trained vines to have lower yields, but differences were not always significantly different. Cumulative yield of the upright cordon systems, both spur and cane pruned, were significantly higher than vines trained to the sylvos system (Table 1) . Average pruning weight from upright cordon spur pruned vines was higher than for all the other systems, which were similar to each other. The pruning time required per vine was highest for the bilateral cordon system and lowest for the sylvos and upright cordon-spur pruned vines. Although bunch rot levels were low most years and not influenced by training systems, in 1997 bunch rot was present and vines trained in the sylvos system had lower rot levels than both of the upright cordon systems. A comparison of the average chemical components of the juice show no influence of training system on soluble solids concentration or titratable acidity (Table 1) . However, pH of fruit from upright cordonspur pruned vines was lower than bilateral cordon fruit.
A grid placed by the vine at harvest showed that the bilateral cordon concentrated the crop in the upper levels of the canopy and distributed it evenly from the trunk to the canopy edge. The upright cordon systems had an even distribution of the crop over the fruiting canopy, while the crop on the sylvos vines were distributed lower in the canopy and had less of the crop at the canopy edge than the other systems (data not presented).
An analysis of the canopy using the point quadrant system shows a tendency for fewer gaps, more leaf layers and greater percentage of interior leaves for vines trained as an upright cordon-spur pruned vine (Fig. 3) . In 1997, the year sylvos vines hadalower amount of bunch rot, the canopy of sylvos trained vines tended to have more gaps and fewer interior leaves.
Vine light interception increased as expected as the canopy developed and reached a maximum around harvest, intercepting 40% to 50% of available light (Table 2) . Measurements early in the season indicate that the bilateral cordon trained vines tended to intercept more light than the sylvos, but differences were not always significantly different from the other systems. At harvest, sylvos trained vines tended to intercept less light and the upright cordon vines the most light with interception in the other systems being similar or different from the extremes depending on the year.
The must analysis is probably the best reflection of the effect of training system on juice chemical components because it encompasses a large sample. Soluble solids concentration in the must from the sylvos system were higher than found in the upright cordonspur pruned vines in 1996 and 1997 with the i n . reverse occurring in 1995 (Table 3 ). Must pH was high from the bilateral cordon in 1996 and 1998, but did not differ from one or more of the other training systems. Although there were differences in titratable acidity in two of the five years, consistent influence of system was not apparent. Although these training systems displayed the canopy in very different ways, the effect on must composition was small and not consistent over the years. Chemical analysis of the finished wine found no significant difference in volatile acidity in any year (data not presented). Wine pH was affected only in 1996 with wine produced from the upright cordon-cane pruned vines being higher than from the sylvos system.
A panel of 15 winemakers evaluated the wine from 1997 and 1998 and found that in 1997, wine from the upright cordon-spur pruned vines had better aroma than the wine from the sylvos and upright cordon-cane pruned vines (Table 5 ). Overall quality of the upright cordon-spur pruned vines was also judged superior to the upright cordon-cane pruned vines. The judges found no effect of training system on wine aroma, taste or quality in 1998.
Discussion
Since crop was limited to one cluster per shoot and vines in all systems had 40 shoots, it was anticipated that yield would be similar among systems. There was no difference in cluster weight or berry size in any year among the systems. The slightly lower (10%) cumulative yields in the sylvos system was likely related to the lower cluster number per vine in 1996 and 1997. Bending the canes down has been shown to reduce vegetative growth of grapes (Reynolds et ai., 1985; Schubert et al., 1999) and likely resulted in the reduced pruning weight, smaller vine size and lower yield of vines in the sylvos system. Since some canes and many shoots were also oriented downward (but not tied in this position) in the bilateral cordon, this may explain the lower pruning weight in this system compared to the upright cordon system. Training the cordons upright and pruning to two or three bud spurs increased vegetative vigor and resulted in a higher pruning weight compared to other systems.
Another concept that is widely used as a measure of the balance between vegetative growth and cropping is crop load (yield + pruning weight). A calculation from the recommended optimum for 'Seyval Blanc' by Reynolds et al. (1986A) gives a value of IO-kg fruit per kilogram of pruning weight. In the present study, the averaged calculated crop loads were as follows: bilateral cordon 14.3, sylvos 14.0, upright cordon spur 9.1, and upright cordon cane 12.0. Values recommended for V. vinifera cultivars are generally below IO to maintain an optimum balance between growth, yield, and wine quality (Bravdo et al., 1984) . Ferree et al. (2002) reported an average crop load of 14 for 'Vidal Blanc' another French-American hybrid with vines apparently in balance. This' data may suggest that the optimumcrop load for French- American hybrid grapes may be slightly higher than for V. vinifera cultivars.
Yield of vines in all systems was particularly low in 1996 (Fig. 2 ) . The low yield in 1996 also occurred in commercial vineyards and has been attributed to rainfall above the long-term average in every month of the year (Brown et al., 2001) . Average yield/ha in this planting over 5 years ranged from 17.5 t.ha-' (7.0 t/acre) with the sylvos system to 20.5 t/ ha (8.3 t/acre) in the cane pruned upright cordon. Except for 1996 when all systems were below the threshold for productive French-American hybrids of 14.8 t.ha-l(6.0 t/ acre) all exceeded the threshold in other years. Reynolds et al. (1986A) recommended 4 shoots/30 cm row and 17 clusters/500 g cane prunings to maximize yield and maintain reasonable fruit quality and vine size of 'Seyval Blanc'. In this study, the vines exceeded that recommendation by 2 shoots/30 cm row and 8 clusters/500 g cane prunings.
Although these vines were cropped heavily, there was no trend of reduced growth or yield over the 5-year test period, and in fact, the largest yield and pruning weight occurred in the last year of the study. This consistent performance was likely related to the annual thinning of clusters that has been suggested as a requirement for the successful management of 'Seyval Blanc' (Reynolds et al., 1986a; Smithyman et al., 1997) .
Training the vines in the sylvos system distributed the crop lower in the vine and tended to result in a canopy with more gaps, fewer leaf layers, and fewer internal leaves, although the differences were not always statistically significant (Fig. 3) . In 1997 when significant Botrytis bunch rot occurred, this more open canopy resulted in less fruit infection. The smaller and more open canopy of vines in the sylvos system was confirmed by the tendency for lower light interception. Fruit from vines in this system had higher soluble solids than fruit from the most vigorous vines (upright cordon-spur pruned). Exposure of 'Seyval Blanc' clusters to light has been shown to positively influence soluble solids (Hummel and Ferree, 1998; Reynolds et al., 1986b) .
Dividing the canopy in the upright cordon systems tended to improve yields compared to the sylvos system even with cluster thinning, which confirms reports of Kiefer et al. (1985) of increased yields with this training system. Other studies with other divided canopy systems, particularly the Geneva Double Curtain, have also improved yields of 'Seyval Blanc', but require extensive trellis modification (Morris et al., 1984; Reynolds and Wardle, 1984) . Vines trained to the upright cordon system made more vegetative growth, tended to have a denser canopy, particularly when spur pruned, and intercepted more light. Lakso (1994) has shown that light interception is closely related to yield with apple trees grown in a wide range of training systems. Several authors (Morris et al., 1984; Reynolds et al, 1985) have suggested that sustained yield of 'Seyval Blanc' is closely related to growth measured by cane pruning weight. The increased vegetative growth of the upright cordon-spur pruned vines was associated with improved wine aroma and overall quality in one year, but there was no influence the following year. Other studies (Reynolds et al., 1985 (Reynolds et al., , 1986a evaluating the influence of training systems on 'Seyval Blanc' wine quality also found only minor influences.
All the training systems in this study performed adequately in comparison to the standard bilateral cordon system. The sylvos system reduced growth and resulted in a more open canopy with less Botrytis bunch rot and higher total soluble solids. The upright cordon system tended to increase vegetative growth and yield and provides a means of dividing the canopy using a conventional trellis. 
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